Sea fog is frequently observed over
Introduction
Sea fog often causes shipwrecks and disrupts transportation and other socioeconomic activities over the ocean and in coastal regions. The Yellow Sea experiences heavy fog over a significant fraction of the year. Figure 1 shows the number of fog days as a function of calendar month based on 30 yr of station observations. Stations on the northwest (NW) Yellow Sea coast typically record more than 50 foggy days a year while the maximum of over 80 days is found at Chengshantou (CST) station in the northern Yellow Sea.
Sea fog in the Yellow and East China Seas belongs generally to the type of fog known as advection fog, which forms as warm/moist air passes over colder water (Wang 1983) . The fog season is typically from April to July along the southern coast of Shandong Peninsula (SDP) when the sea surface temperature (SST) is lower than the surface air temperature (SAT) (Figs. 1 and 2a) . During the fog season, 65%;87% of the fog observations report visibility of less than 200 m at Qianliyan (QL) and Xiaomaidao (XM), with the average duration of sea fog events lasting about 2 days (Diao 1992 ).
Longer-duration fog events are generally found from June to July, with the longest at 10 days for a 23-yr period from 1977 to 1989 (Diao 1992) . The prevailing surface winds are south-southeasterlies at speeds from 2 to 10 m s 21 near the southern coast of SDP, advecting warm/moist air from the south (Wang 1983; Diao 1992; Zhang et al. 2005) . The fact that fog days are several times more frequent on the southern (upwind) than northern (downwind) coast of SDP, such as at CD, YT, and PL ( Fig. 1) , corroborates the importance of warm/ moist advection for Yellow Sea fog formation.
Mechanisms involved in the seasonal variations of the frequency of sea fog occurrences have been studied elsewhere. The steady northwesterly flow off the California coast, along with the upwelling and cold SSTs in response to the winds, are responsible for fog formation in the warm season (May-October) when the greatest frequency of sea fog occurs (Byers 1930; Sverdrup and Fleming 1941; Sverdrup et al. 1942; Leipper 1948) . Sea fog formation via stratus lowering is found in the cool season (November-April) when SST is warmer than the surface air off the California coast (Koračin et al. 2001 ; Lewis et al. 2003 Lewis et al. , 2004 . Tidal mixing cools shelf regions (Su and Su 1996; Ma et al. 2004 ), contributing to a high frequency of sea fog occurrence and a prolonged fog season along the Korean coast of the Yellow Sea (Cho et al. 2000) and near CST at the east tip of SDP (Wang 1983) (Fig. 1 ) during the summer. Physical processes important for sea fog formation include the turbulent transfer of heat and moisture, the cooling of air masses that travel over colder waters near Newfoundland (Taylor 1915 (Taylor , 1917 and along the east coast of Scotland as well as in the neighboring North Sea (Lamb 1943) , and radiative cooling at the top of the fog or stratus layer (Lamb 1943; Filonczuk et al. 1995; Koračin et al. 2001; Lewis et al. 2003 Lewis et al. , 2004 .
The seasonal cycle of fog occurrence along the south coast of SDP displays two interesting features: an abrupt onset in April and an abrupt termination in August (Fig. 1) . The air-sea interface is stable (SST 2 SAT , 0) during the April-July fog season (Fig. 2a) , consistent with previous studies on necessary conditions for sea fog formation (Wang 1983) . The April onset displays regional differences; the onset is abrupt along the SDP's south coast (QD, XM, CL, and QL) but is gradual along the Korean coast (Fig. 1) , which is consistent with Cho et al. (2000) . The regional difference suggests that the April onset is probably not due to the large-scale Asian summer monsoon, which first occurs in May in the South China Sea (Tao and Chen 1987; Wang and LinHo 2002; Zhang and Wang 2008) . The abrupt retreat of sea fog in August takes place over the entire Yellow Sea basin, except at CST and some stations along the Korean west coast where the fog season is prolonged by strong SST fronts maintained by tidal mixing (Wang 1983; Cho et al. 2000) . Given the smooth seasonal cycle in solar radiation, the abrupt onset and retreat of the fog season in the NW Yellow Sea are puzzling, and their cause remains poorly understood.
The present study investigates the mechanisms for the onset and termination of the Yellow sea fog season using a suite of observations and atmospheric model simulations. Specifically, we wish to address the following questions: What causes the abrupt onset along the SDP south coast in April? What then makes the fog begin gradually in the east Yellow Sea as well as in other regions? What brings the Yellow Sea fog season to an abrupt end in August? Given the prevalence of advection fog in the Yellow Sea, one expects circulation changes to be important. Indeed, we show that the onset of the Yellow Sea fog season is associated with a basin-scale anticyclonic circulation resulting from local air-sea-land interactions while the August termination is part of a large-scale shift in the East Asian-western Pacific monsoons.
Following this introduction, section 2 briefly describes the data and model used in this study. Section 3 examines seasonal variations in the stability of the atmospheric boundary layer (ABL) using atmospheric soundings and reanalysis. Sections 4 and 5 investigate processes leading to the April onset and August retreat of the Yellow Sea fog season, respectively. Section 6 is a summary.
Data and model
Three types of data are used in this study: surface station observations, atmospheric soundings, and analyzed products on grid points. We use observations from 13 standard weather stations operated by the China Meteorological Administration (CMA) in the Yellow and East China Seas for the period from 1971 to 2000, including four island stations (CD, CL, QL, and CS) and nine coastal stations (Fig. 1) . Data for two Korean weather stations, Sochongdo and Sohuksando, are taken from 1983 to 2002 (Gao et al. 2007 ). We calculate the climatology of sea fog occurrence for each calendar month. Fog is reported for visibilities ,1 km.
Daily soundings using an L-band radar at 0715 Beijing time (BJT) in Qingdao for the full year of 2005 are used The gridded datasets include the Japanese 25-yr Reanalysis (JRA-25; Onogi et al. 2007 ) on a 1.258 grid, the International Comprehensive Ocean-Atmosphere Dataset (ICOADS; Slutz et al. 1985; Worley et al. 2005) on a 28 grid, sea surface wind velocity from the SeaWinds scatterometer on the Quick Scatterometer (QuikSCAT) satellite (Liu et al. 2000; Liu 2002) Fig. 1) . The domain has a horizontal resolution of 30 km and 31 sigma levels in the vertical, 11 of which are placed below s 5 0.8 or about 2 km above the ground to resolve the ABL. The National Centers for Environmental Prediction (NCEP) Final (FNL) Global Tropospheric Analyses on a 18 grid every 6 h are used as the initial and lateral boundary conditions. FNL includes the time-varying SST used for analysis. The model integration starts on 1 April 2007 and lasts for 1 month. Besides this control run, we conduct a sensitivity experiment by raising the SST by 28C.
Two additional short simulations are made for a fog case that lasts from 1800 UTC 1 May to 0600 UTC 4 May 2008, and for a no-fog case from 0000 UTC 7 August to 1200 UTC 10 August 2008, respectively. Two-way nested domains are used, with the outer domain corresponding roughly to D1 in Fig. 1 . The horizontal grid sizes are 36 and 12 km for the outer and inner domains, respectively. Details about the simulations are presented in Zhang and Ren (2009, hereafter ZR) . Trajectories are obtained by back-tracking foggy and fog-free air masses to corroborate the climatological analysis.
Atmospheric boundary layer stability
Stable stratification in the ABL is important for sea fog (e.g., Pelié et al. 1979; Thompson et al. 1997 Thompson et al. , 2005 Ralph et al. 1998; Fu et al. 2006; Gao et al. 2007) . A stable or inversion layer prevents the moisture from escaping upward and creates favorable conditions for saturation close to the sea surface. Intensive radiative cooling at the top of the fog layer promotes turbulent mixing underneath and the development of fog (Lamb 1943; Leipper 1948 Leipper , 1994 . Thus, a temperature inversion close to the surface favors fog formation. Figure 3a shows monthly averaged stratification in 2005 from the Qingdao soundings as a function of month and altitude. During October-December, there is a very thin stable layer just above the surface, which is probably due to surface radiation cooling and can sometimes lead to radiation fog. A temperature inversion appears in March in a layer 100-350 m above sea level and its occurrence becomes more frequent in April (Fig. 3b) . The seasonal inversion, which lasts for 4 months from March to June, provides favorable conditions for fog formation. The inversion is observed for more than 15 days in each month from March to June in the 100-350-m layer.
The inversion disappears in the July-mean profile but a thick stable layer remains at 150-450 m (Fig. 3a) , which is favorable for thicker fog formation under the conditions of sufficient moisture supply (Zhang et al. 2008) . The reason for the weakened stability is possibly due to the sea surface warming. The stratification is similar from July to August, with the stable layer thickness shrinking slightly. Thus, there is something else that acts to switch off the sea fog rapidly from July to August, a topic section 5 investigates.
We have also examined the Qingdao soundings from 2006. Compared to 2005, the near-surface inversion is weak but remains robust in April 2006, setting the favorable conditions for fog (not shown).
April onset
The fog season onset is abrupt along the south coast of SDP, with the number of fog days increasing rapidly from March to April. On the Korean coast to the east as well as at other stations along the Chinese coast, however, the number of fog days increases gradually from March to July. This section examines the mechanisms for this asymmetry in fog onset between different regions in the Yellow Sea. Figure 4 shows that in April the temperature inversion is robust over the Yellow Sea. The lapse rate is about 26.88C km 21 in Qingdao, China, and 22.58C km 21 in Baengnyeongdo (BY), Korea, in the surface layer, indicative of a temperature inversion. The lapse rate becomes positive below 600 m in Cheju where warm SSTs over the warm Kuroshio Current destroy the inversion locally (Cho et al. 2000) . A temperature inversion may form by the following mechanisms: surface radiation cooling, subsidence, and warm advection. Radiation inversion forms in Qingdao during early winter (Fig. 3a) but the inversion during March-June is clearly different because of its elevated base and because surface radiative cooling is much weaker than during winter. Adiabatic warming in subsidence may produce a temperature inversion, for example, in the subtropical eastern Pacific inversions form under the sinking branch of the Hadley circulation and off the U.S. west coast under downslope winds (Leipper 1948; Lewis et al. 2003) .
a. Inversion formation
In Qingdao during the April-July fog season, by contrast, days with low-level temperature inversions are associated with upward motion in response to warm advection from the west. Figure 5 shows vertical profiles of temperature and horizontal thermal advection in QD during April 2005. Days of major inversion formation in the 100-500-m layer are all associated with strong warm advection by west-southwesterly winds (Fig. 5a ). The maximum of warm advection is at 925 hPa in the reanalysis but the exact altitude is unclear because of the coarse resolution of the dataset (Fig. 5b) . We have calculated the correlation between a stratification index in the inversion layer (T 300m 2 T surface ) and the thermal advection at 925 hPa. The maximum correlation occurs with the latter leading by 1 day. The correlation is 0.73, a value exceeding the 95% significance level. The decorrelation time of the series is about 2 days. Thus, the degree of freedom for a 30-day series is 8, for which the 95% significance level is 0.632 in correlation.
In April, due to the increasing solar radiation and the differences in heat capacity between land and ocean, the surface air temperature is much colder over the Yellow Sea than over continental China, with sharp gradients along the coast (Fig. 6a) . For example, the SAT in inland Jinan is more than 68C warmer than it is in coastal Qingdao (Fig. 2b) . A similar eastward decrease in temperature from China to the Yellow Sea exists at 925 hPa due to turbulent mixing in the ABL (Fig. 6b) . At 925 hPa, westerly offshore winds prevail in April over the Yellow Sea, advecting warm continental air in favor of inversion formation. Indeed, climatologically, the thermal advection turns positive from March to April and peaks at 925 hPa (not shown).
The April inversion results from a land-sea thermal contrast that is similar to the inversion formation mechanism along the U.S. west coast (Leipper 1948; Lewis et al. 2003) in the role of offshore warm advection. The difference over the Yellow Sea is that the offshore flow is above instead of at the surface off of California. In a zonal-vertical section, temperature advection along 368N is greatest at 925 hPa in the western Yellow Sea (Fig. 6c) . A trajectory analysis in section 4c shows that the inversion forms on the south coast of SDP when an air mass originating over land lies above that from the sea.
The zonal temperature gradient and warm advection weaken eastward as the westerlies approach the Korean Peninsula (Fig. 6c) . Qingdao soundings show more frequent inversion occurrence below 400 m rather than above that level (Fig. 3) while the temperature inversions at Baengnyeongdo and Cheju lift farther upward (Fig. 4) . More frequent occurrence of a temperature inversion in the lower layer of 100-350 m favors fog formation in the western to eastern Yellow Sea in April.
This near-surface inversion could also be due to radiative feedback at the top of the fog layer.
b. Yellow Sea anticyclone and moisture transport
The April surface circulation features an anticyclone over the Yellow and northern East China Seas (Fig. 6a) , a feature confirmed in QuikSCAT observations (not shown). This shallow anticyclone produces southsoutheasterlies in the NW Yellow Sea and westerlies or northwesterlies along the Korean coast. The surface southerlies advect moist and relatively warm air (warmer than SST but cooler than the air leveling the inversion) to the NW Yellow Sea while the northwesterlies bring dry and cool air to the eastern Yellow Sea. Furthermore, the high pressure system usually increases the ABL stability, which is favorable for fog formation. As shown in Fig. 7a , a more stable air-sea interface (SST 2 SAT # 21.58C) 1 and higher relative humidity (.80%) are observed in the monthly mean in the NW compared to that over the eastern Yellow Sea. Specific humidity advection is positive in the NW and negative in the eastern Yellow Sea (Fig. 7b) .
The anticyclone is collocated with low SATs over the ocean, suggesting the land-sea temperature contrast as its maintenance mechanism. In April, the seasonal SAT warming over the ocean lags behind that over land (Figs. 2b and 6a) . Over the Yellow Sea, the cooler ABL temperatures may lead to higher SLP and the surface anticyclone.
We use the regional atmospheric model WRF v2.2 to simulate this Yellow Sea shallow anticyclone. The model integration starts on 1 April 2007 and lasts for a month. The model successfully simulates the surface anticyclonic circulation (Figs. 8a-c) . Its intensity is stronger in the month-long simulation than in the observed climatology by a factor of 2, possibly because of interannual variability. The surface atmospheric temperature is higher over the western Yellow Sea compared to the eastern region, as the southerlies maintain a warm advection on the western flank of the anticyclone, resulting in a stable surface stratification (SST 2 SAT # 08C) over an extended area of the western Yellow Sea (Fig. 8b) . The model also successfully simulates the shallow temperature inversion in Qingdao but the inversion weakens in intensity eastward (Fig. 8c) , consistent with sounding observations (Fig. 4) .
To test the hypothesis that a land-sea temperature contrast maintains the shallow anticyclone, we conduct a sensitivity run by adding an SST increase of 28C at ocean grid points in the model domain. Figure 9 shows the differences from the control run. The SST warming weakens the anticyclone over the ocean. Over the Yellow Sea in particular, the southerlies weaken by 1 m s 21 in the SST warming run, supporting the idea that a thermal high mechanism that cool SSTs over the ocean contributes to the anticyclone formation. (The weak SAT responses in the Bohai and Yellow Seas compared to that in the East China Sea are presumably because of their small sizes and hence the strong advection and mixing with continental air.)
The Yellow Sea shallow anticyclone causes asymmetry in fog occurrence between the western and eastern basins. In the western basin, the pronounced onshore southerly component advects warm and humid air from the south, in favor of fog formation with high surface stability and high relative humidity (Figs. 7a and 7b ). In the eastern basin, by contrast, the lack of such strong warm/moist advection leads to fewer fog days in April. As the land surfaces warms from March to April, the ocean remains cool. The resultant formation of the Yellow Sea anticyclone gives rise to the abrupt onset of the fog season on its western coast (Qingdao, China) but not on the eastern coast (Shochongdo, Korea). The northern coast of SDP has fewer fog days because the surface winds blow from land to sea.
c. A case study
A sea fog event on 2-3 May 2008 has been studied by ZR. At 0000 UTC 2 May, the western Yellow Sea is controlled by south-southeasterlies on the western flank of a cool surface high (Fig. 10a) . Meanwhile, a low trough lies over mideastern China at 925 hPa, leading to south-southwesterly offshore flow over the NW Yellow Sea (not shown). Such a synoptic pattern is in evidence starting on 28 April. The offshore winds above 400 m advect warm air to the cool sea surface, producing a temperature inversion in Qingdao. The surface southeasterlies bring moisture from the East China Sea, with relative humidity close to 100% in the lowest 300 m (Fig. 10a, right) . All of this is favorable for the fog formation observed during the evening of 2 May.
The simulation of this fog event by WRF is in good agreement with the observations (ZR). Backtracked trajectories of a slab of air starting near QD are obtained starting from the time of the fog event (Fig. 10b) . The air parcel near the sea surface (10;100 m) has a sea-based path history from the East China Sea to the Yellow Sea. Its temperature decreases slowly at first as a result of airmass modification by cool SSTs, and then proceeds rather quickly after the fog occurs (Fig. 10b,  right) , indicating the effects of fog-top longwave radiation. Associated with the rapid cooling, subsidence is found at the fog top (not shown). These adjustments are very similar to those of the formation of haar or sea fog in the North Sea (Douglas 1930; Lamb 1943) and near Newfoundland (Taylor 1915 (Taylor , 1917 , where the sea fogs result from the cooling of warm air by the cold sea and turbulent transport of heat is found between the cold sea and the adjoining warmer air. The radiative cooling at the cloud top is also the primary mechanism for the stratus lowering to form sea fog off the coast of California (Korač in et al. 2001; Lewis et al. 2003) .
The air parcel at 500;1000 m has a long land-based history of traveling from southeast China northward across the NW Yellow Sea to QD (Fig. 10b, left) . The temperature of the air mass increases gradually. The land-based air masses overlie the sea-based air masses near the southern coast of SDP, forming a strong temperature inversion. Meanwhile, the relative humidity of the air masses at the 10;100 m layer increases and saturation occurs approaching the NW Yellow Sea. Satellite images, as well as data from coastal stations and buoys, confirm the model results (ZR).
The results from this case analysis support the results from our climatological study, regarding the importance of the warm advection for inversion formation and role of the shallow anticyclonic circulation in causing the differences in sea fog onset between the west and east coasts of the Yellow Sea.
d. Comparison with previous studies elsewhere
The land-sea contrast is important for the April onset of the sea fog season over the Yellow Sea. Such a thermal contrast is also crucial for the formation of sea fog along the U.S. west coast. In Leipper's conceptual model, the Pacific surface anticyclone extends inland to produce northeasterly or easterly offshore flows that bring warm air from the continent to the cold sea to start sea fog (Leipper 1948) . But there are some differences. In our study the low trough in central-eastern China brings the west-to-southwesterly warm offshore flow to the cool Yellow Sea to establish the inversion, and the offshore flow is at 925 hPa rather than at the surface. In addition, the shallow cool anticyclone at the surface of the Yellow Sea, which results from the land-sea contrast, is especially important in the east-west asymmetry of the fog occurrence.
Another difference compared with the sea fog off the U.S. west coast is related to the vertical motion. The large-scale subsidence strengthens the inversion and lowers the marine stratus to form sea fog off the California coast (Koračin et al. 2001; Lewis et al. 2003) , but almost no large-scale subsidence is found in the process of sea fog formation over the Yellow Sea. In neither the land-or sea-based trajectories in Fig. 10b do the air masses sink significantly during their long paths (not shown), which is consistent with another fog case study from March 2005 (Gao et al. 2007 ). Downward motion exists in response to the radiative cooling at fog top, which is similar to sea fog formation in the North Sea (Douglas 1930; Lamb 1943 ) and near Newfoundland (Taylor 1915 (Taylor , 1917 . This radiative cooling at the top of the fog layer can both promote the turbulence and mixing in the fog layer and have a positive feedback to the surface high pressure system over the Yellow Sea. FIG. 9 . The model response in April, expressed as differences from the control run, to the SST increase: temperature (contours, 8C) and wind velocity (m s 21 ).
Abrupt termination in August
The frequency of sea fog occurrence suddenly drops from its peak in July to almost none in August over the entire Yellow Sea. This abrupt termination is puzzling as the SST and land temperature change only gradually from July to August (Fig. 2) . This section investigates the cause of the August termination of the Yellow Sea fog season.
a. ABL stability
From July to August, SAT in inland Jinan begins to decrease while SST continues to increase over the Yellow Sea (Fig. 2) . The asynchronous changes in land and sea temperatures lead to a vertical dipolar pattern of temperature change in the lower troposphere, with positive changes near the surface and negative ones above (Fig. 11a) . The vertical structure weakens the atmospheric stability in the ABL, which is unfavorable for fog formation.
In 2005, the stable layer in the ABL shrinks slightly from July to August but otherwise the ABL structure is similar between the 2 months (Fig. 3a) . The inversion occurrence is also similar below 400 m but shows a decrease in a layer above 400-600 m (Fig. 3b) . The latter change appears to be consistent with the decreased stability in the JRA climatology (Fig. 11a) .
The termination of the 2005 fog season in Qingdao is an abrupt event taking place in mid-August (Fig. 12) . The first half of August differs from the second half in temperature, humidity, prevailing winds, and fog days. The southerly or southeasterly winds are replaced with easterlies or northerlies winds in the second half. There are six fog days during the first half of August but no fog is observed during the second half. On 19 August 2005, the northeasterly winds bring cool and dry air to the Yellow Sea, disrupting the stable stratification, ending the sea fog season abruptly.
b. Wind shift
Prevailing winds change the direction abruptly from July to August, from southerly to easterly (Fig. 11b) . This wind shift is likely an important factor in the process of terminating the fog season as it disrupts the warm and moist advection from the south. Associated with the wind shift and the warming at sea surface, the nearsurface stability weakens and is close to being neutral (Fig. 7a) . Relative humidity also begins to decrease rapidly as the southerly advection disappears.
The easterly wind shift over the Yellow and East China Seas is part of a series of much larger-scale changes in the atmospheric circulation spanning from East Asia to the northwest Pacific. Figure 13 shows August-July differences in the precipitation and circulation climatologically. From July to August, atmospheric convection intensifies over the subtropical northwest Pacific (Ueda et al. 1995) , exciting a northwardpropagating, barotropic wave train with low pressure in the subtropics and a high in the midlatitudes. This meridional dipole, called the western Pacific-Japan pattern (Nitta 1987) , is a robust teleconnection pattern in summer associated with variability in the northwest Pacific convection (e.g., Huang and Li 1988; Kosaka and Nakamura 2006) . Seasonal variations of large-scale convective activity and wind over the western Pacific are connected with the Asian-northwest Pacific summer monsoon (Ueda et al. 2009 ). The Yellow and East China Seas are situated between the subtropical low and midlatitude high in Fig. 13 and therefore see an easterly wind shift in the seasonal march from July to August. The wind shift signals the end of the favorable conditions for sea fog, which include the moist advection from the south. Thus, the August termination of Yellow Sea fog is not a local phenomenon but is associated instead with large-scale changes in the atmosphere.
c. Case study
The WRF model simulation results are applied to obtain the backtracked trajectories of air masses within a Lagrangian framework for a no-fog case. On 7 August 2008, influenced by the development of an anticyclone over Japan and low pressure east of Taiwan, the Japan Sea and the Yellow Sea are controlled by easterly winds, with no fog observed (not shown). When traced back from QD, the surface air mass (10 m) maintains a nearly constant temperature across the Yellow Sea where the SST gradient is weak in the east-west direction (Fig. 14,  left) . Over the Korean Peninsula, the surface air mass is heated by the warm surface as part of the diurnal cycle. Similar surface warming is also found in the process of the sea fog's demise off the California coast (Lewis et al. 2003) . In contrast with the surface warming, the temperature at 500 m does change remarkably along the trajectory, thereby weakening the ABL stability over the Yellow Sea (Fig. 14, top right) , consistent with the vertical dipolar pattern in Fig. 11a . Along the trajectories, the relative humidity of the air masses is well below saturation (Fig. 14, bottom right) . This case illustrates that easterly winds are unfavorable for fog formation over the Yellow Sea.
Summary
We have used a suite of in situ and satellite observations to examine the seasonal cycle of Yellow Sea fog. Yellow Sea fog is most frequently observed during April-July. Our results confirm previous studies that the southerly winds and their advection of warm and humid air are important for Yellow Sea fog during April-July, as illustrated by the contrast between Yantai and Qingdao, two cities only 200 km apart on the north and south coasts of the Shandong Peninsular, respectively. Fog rarely occurs in Yantai but is frequently observed in Qingdao. The April onset of the fog season displays pronounced spatial variations: it is abrupt off the south coast of SDP but gradual along the Korean coast. The termination of the sea fog season is abrupt along both the Chinese and Korean coasts of the Yellow Sea except some for in areas with strong tidal mixing. We have investigated mechanisms for the peculiar abrupt onset and termination of the Yellow Sea fog season. Note that the SSTs are even cooler and the cooler areas are larger along the west coast of the Korean Peninsula due to stronger tidal mixing compared with the situations near CST in summer (Cho et al. 2000; Bao et al. 2002 ), yet the differences in SSTs do not affect the conclusions made in the present study.
From March to April, the seasonal warming over the Yellow Sea lags behind that over the surrounding land areas. At 925 hPa, the prevailing westerlies advect warm continental air over the cool Yellow Sea, forming a temperature inversion that helps trap moisture in the ABL in favor of fog formation. The land-sea differential heating also gives rise to a shallow thermal high with surface anticyclonic circulation over the Yellow and northern East China Seas. This surface anticyclone explains the east-west asymmetry in fog onset between the Chinese (abrupt) and Korean (gradual) coasts. The southerly winds on the western flank of the anticyclone sustain warm and moist advection, favoring fog formation there to the eastern basin. In addition, radiative cooling at the cloud top provides a positive feedback for the shallow high. A case study viewed within a Lagrangian framework supports the mechanisms for inversion and sea fog formation.
While the April onset is strongly influenced by the shallow anticyclone resulting from the local land-sea temperature contrast, the August withdrawal of the fog season is associated basin wide with large-scale changes in the East Asian-western Pacific monsoons. From July to August, the intensification of atmospheric convection over the subtropical NW Pacific excites a barotropic wave train. The resultant meridional dipole pattern of a geopotential decrease over the subtropics and an increase in the midlatitudes causes the prevailing winds to shift from southerly to easterly over the Yellow Sea. This wind shift terminates the southerly warm/moist advection that sustains Yellow Sea fog from April to July.
Advection fog is commonly observed elsewhere. Yellow Sea fog follows the commonly known mechanism with a warm, humid surface air mass flowing over cool water surface under a low inversion. The most important contribution of this study is perhaps the identification of circulation patterns that give rise to the onset and termination of the sea fog season over the Yellow Sea. During the core fog season of the Yellow Sea (MayJuly), the surface southerlies are part of the planetaryscale circulation pattern between the thermal low over China and the North Pacific subtropical high (Xie and Saiki 1999) , feeding a persistent rainband called the meiyu in China and the baiu in Japan. Blowing down the SST gradient, these monsoonal southerlies give rise to sea fog over the Yellow Sea and in the KuroshioOyashio extension region east of Japan ).
On the seasonal time scale, the abrupt onset of subtropical NW Pacific convection is associated with the end of the mei-yu-baiu rainy season in China and Japan (Ueda et al. 1995 (Ueda et al. , 2009 ). On interannual time scales, changes in subtropical NW Pacific convection are also associated with a similar meridional wave train called the western Pacific-Japan pattern (Nitta 1987; Kurihara and Tsuyuki 1987) . Interannual anomalies of subtropical 
